Abstract This paper provides a review of the water environment problems faced in China and a comparison with the European experience in dealing with such issues, with an attempt to emphasize the challenges in China. The paper also summarizes various studies in China to highlight the severity of water pollution problems faced by regulators, polluters and the general public. China's water situation can be characterized by insufficient quantities of water, uneven distribution of water spatially and temporally, as well as poor water quality. Water pollution in China has spread from point source to non-point source, from fresh water to coastal water, and from surface water to groundwater. From the management and technological experience from EU, including water framework directive, water price system, desalination and groundwater recharge technologies, and from the analysis of water environment problems and management system in two regions, we could come to the conclusion that water price, water market and water tax could be introduced to China for water environment regulations. Moreover, it is necessary to establish a reliable risk assessment system for water quality, human health and ecological safety.
Introduction
China's water resource issues have attracted extensive and wide reaching attention. These issues have been covered by both academic journals and major media outlets such as the New York Times and the Economist (Jiang 2009 ). With the rapid development of industries, agriculture and economy, China is now experiencing environmental damage that occurred over 100 years in the Western world, within the span of 20 years. Therefore, it is worthwhile to identify the fundamental causes, extensiveness, severity of environmental problems and the current philosophy of pollution control in China and compare with the European experience to identify the best approach from European countries that could be adopted in China.
In China, surface water quality is divided into six levels (Grade I, II, III, IV, V, inferior V) based on the functionality and water quality standards. Grade I surface water is regarded as pristine water and should be protected at all costs. Water quality from Grade II to III is regarded as good and can be used as drinking water source or in industry. Water quality from Grade IV to V is regarded as bad and can only be used for recreation and irrigation. For the water classified as ''inferior V'', there is no designated use. There are a total of 109 water quality parameters, which can be divided into physical, chemical and biological. The exact water quality parameters can be found in ''Environmental Quality Standards for Surface Water'' (State Environmental Protection Administration, General Administration of Quality Supervision, Inspection and Quarantine of China 2002).
Since the 1990s, the Chinese government has been acutely aware of the severity and extensiveness of surface water pollution problems from industrial discharge, as well as agricultural sources, and massive investments in the form of end-of-pipe treatment solutions have been put in place. However, according to the ''2011 State of the Environment'' report, the pollution of surface water is still serious. In the 469 river sections of ten big water systems under national monitoring program, 61.0 % met Grade I-III national surface water quality standard, 25.3 % met Grade IV-V standard and 13.7 % failed to meet Grade V standard (Ministry of Environmental Protection 2012).
The most severe problem China is faced with is eutrophication in lakes. This problem has worsened in the past 30 years. Among the 34 lakes surveyed in the 1970s, only 5 % were considered to be eutrophic. Between 1986 and 1989 , the proportion of eutrophic lakes increased to 35 %. Among the 200 lakes surveyed in 2002, 75 % of lakes were eutrophic (Chinese Academy of Engineering, Ministry of Environmental Protection 2011). According to Ministry of Environmental Protection (2012), 46.1 % of the 26 lakes (reservoirs) under the national monitoring program were under slight eutrophication and 7.7 % under intermediate eutrophication in 2011. Among these lakes, Lake Dianchi and Lake Taihue suffer from extreme eutrophication. A major algal bloom occurred in Lake Taihu basin in the summer of 2007, leaving two million people with no drinking water for more than 1 week (Zhao et al. 2011) . As a consequence of this major outbreak of cyanobacteria in Lake Taihu, the relevant Chinese authorities designated 2007 as the ''Year of Cyanobacteria''. Thus it can be seen that eutrophication has imposed a great impact on the daily lives of the general public. Once water quality has been affected as such, it is difficult to undo the damage caused by high concentrations of toxic and hazardous substances.
To solve the serious water pollution problems, China's State Council approved a National Major Programme on Water Pollution Control and Management with a total investment of 35.6 billion yuan from 2006 to 2020. The program aims at establishing two technical systems for water pollution control and water environment management in ten target rivers and lakes. The objective is to control pollution sources, reduce pollution load, restore the deteriorated aquatic ecosystem, safeguard drinking water quality and develop comprehensive water environment policies and regulations. The European experience can also help in the successful implementation of the program.
The conflict between environmental protection and economic development is not unique to China. Historically, most developed countries in Western Europe have been through a period of rapid resource depletion in the process of industrialization, with resources sourced either domestically or imported (Barbier 2006) . This has resulted in rapid depletion of resources as well as a decline in environmental quality for the best part of the nineteenth century and the first half of the twentieth century. It was only in the 1960s that general awareness in environmental protection overtook that of economic development, and the momentum in source pollution control has been increasing ever since. It has generally been accepted in Europe that good water quality is essential for the provision of ecological and environmental services functions to achieve a good quality of life.
In this aspect, it is well known that the EU has rich experience in dealing with water environment protection for the past half century. Water pollution policy was one of the earliest areas of environmental policy to be developed at the community level in Europe. The first major proposal was adopted by the council beginning in 1973, and continuing effort has resulted in many directives, regulations and decisions concerning freshwater and marine management and pollution control. In line with priorities set out in the First Action Programme on the Environment in 1973, the earliest directives sought to establish environmental quality standards for particular uses of water and by 1980 four had been agreed upon, covering Surface Water for Drinking (Directive 75/440/EC-now repealed by Directive 2000/60/EC), Bathing Water (Directive 76/160/EEC-since revised), Shellfish Waters (Directive 79/923/EEC) and Freshwater Fish (Directive 78/659/EEC). In the new millennium, the EU initiated the WFD (European Parliament and Council 2000) which is a key piece of EU legislation that brings together many aspects of water protection and management. WFD requires that polluters should meet the emission targets and member states should aim to achieve the objective of at least good water status of their rivers, lakes groundwater bodies and coastal waters by 2015 (Richter et al. 2013) . Recognizing that water is a shared resource, the framework sets out actions to clean up polluted water, protect ground water, address flooding and droughts and provides a link to the Marine Strategy Framework Directive.
While there are many studies about water pollution and water environment management in the EU and China related to specific pollution type, pollution events or particular control technique, there is a lack of study concerning water environment protection on the national scale between China and EU. Individual EU member states have a long history and rich experience in dealing with water scarcity, water pollution and integrated water resources management. Since China is currently facing similar problems, the authors believe that a lot of research synergy can be obtained by learning from the EU's past experience, especially with respect to achieving a balance between water environment and economic development. To achieve this, it is necessary to explore the following issues in detail:
(1) identify the water environment issues in China; (2) review and create an overview of the experience of technology and management methods for water environmental issues in Europe; (3) explore the relevance of this experience to China and; (4) discuss methods for adopting such approaches for water pollution treatment, environmental management and policy making in China.
This paper begins by providing a detailed analysis of water scarcity, water pollution and the economic and ecological impacts of water pollution in China. In ''Experiences from European Countries'', the paper introduces and describes how Europe handled these issues through effective water policies and advanced technologies. ''Protection of water environments in China'' explores the relevance of these technologies and experience in China focusing on new water pricing structure, water market and a water risk environmental assessment system. The conclusion is given in ''Conclusion''.
Status of water environment in China
Currently in China, the available water resources per capita is only 2,300 m 3 (World Bank 2007a, b) . It is predicted that China's population will reach a peak of 1.6 billion in 2030, with water resource of only 1,750 m 3 per capita. In this case, China will be regarded to be under severe water stress as a result of water shortage. Meanwhile, water pollution, coupled with climate change, is likely to cause further reduction of water resources and China will be under the dual pressures of resource-based and quality-based water shortages. In the following paragraphs, we describe the most important water environment problems, including water scarcity, water pollution and the economic losses and ecological risks posed by water pollution.
Water scarcity

Quantity-related water scarcity
At present, China is currently trying to feed 1.38 billion inhabitants and satisfy every aspect of their water needs. The main concerns with respect to water scarcity are the low per capital quantity and the uneven spatial and temporal precipitation distribution. Figure 1 shows the average annual distribution of precipitation in China in 2010 (Liu et al. 2011) . This indicates that precipitation presents a decreasing trend from southeast to northwest. North China has only about 20 % of the total water resources, but supports more than half of the total population, while 80 % of the fresh water which is located in south China has to meet the increasing demand of rapid industrial and economic development in the southeast coastal regions and support a rapidly growing population fueled by an influx of migrants from the inland regions in south and southwest China (Guan and Hubacek 2008) . The conflict between limited water resource and increasing demand from domestic and industrial sectors has become a considerable problem in China.
Since the 1980s, China has been facing water shortage of increasing magnitude and frequency from rapidly growing urban population, industrial sector, domestic consumption and irrigated agriculture (Jiang 2009 ). Domestic demand is a considerable driver behind water scarcity, particularly in highly populated areas and tourism hot spots. According to the official statistics of water resources, out of the 662 major cities, 300 cities experienced inadequate water supplies and 110 faced severe water shortages. In addition, 30 out of 32 metropolitan areas with populations of more than one million people struggle to meet the water demands (Li 2006) . The YellowHai-Huai area in northern China is an important political, economic and agricultural region. It was reported that unless measures are taken to reduce demand and augment supply, the total water shortage for this region is projected to be 56. 
Quality-related water scarcity
Quality-related water scarcity is caused by poor water quality which cannot support any economic or social use of water, rather than insufficient quantity. China has been experiencing water quality degradation due to unregulated and unauthorized discharge of untreated industrial and domestic wastewater coupled with insufficient wastewater treatment capacities and inadequate treatment technologies (Wu et al. 1998) . Degraded water quality further intensifies the insufficiency of the naturally available freshwater, severely affecting China's socio-economic development. Water pollution seriously restricts the availability of water for industrial, agricultural and domestic usage. It was reported that the economic losses of industrial and food output value total 350 billion yuan per annum caused by water shortage (Chinese Academy of Engineering, Ministry of Environmental Protection 2011).
According to the World Bank (2007a), the overall cost of water scarcity associated with water pollution is 147 billion yuan per year. In China, as with other predominately agriculturally based countries, the agriculture sector is the second highest user of water, responsible for nearly a quarter of abstracted water. Due to the poor water quality caused by pollution, the water used for irrigation might affect the irrigation situation.
The lack of good quality freshwater for irrigation and the low price of primary food products often result in using untreated and polluted water for irrigation due to the pressure of keeping the cost down. It is predicted that in the future, water shortage and the lack of water caused by poor quality will severely constraint the rate of China's economic and social development.
Currently, one of the most common techniques deployed for mitigating water shortage is that of long-distance water transfer. One of the most widely recognizable examples is the South-North Water Transfer project to ease the problem of water scarcity in north China, where water from three parts of the Yangtze River will be transported several thousand kilometers to the north using a combination of existing and newly constructed channels. Numerical simulation shows that after the implementation of the SouthNorth Water Transfer project, the groundwater levels as well as the central levels of the cones of depression will go up in the plain areas of Beijing . However, long-distance water transfer between different climatic and geographical regions will inevitably lead to a series of ecological problem.
Water pollution
From point source to non-point source pollution
China has been aware of the potential impacts of industrial point source pollution and a lot of efforts have been put on point source pollution prevention and control technology since the 1990s. This has resulted in the construction of wastewater treatment plants across China and a series of legislations regulating the need for treatment of industrial wastewater prior to discharge to natural watercourse. Although the effectiveness and operational efficiency of many of these wastewater treatment facilities are frequently subjected to skepticism and debates, the collection rate of wastewater has been improving over the years.
In recent years, non-point source pollution has become a new environmental problem in China, especially in eastern China. In the eastern region, we see excessive and illadvised application of fertilizers on farmlands (such as phosphorus and nitrates) and other toxic pollutants. These pollutants enter watercourses resulting in nutrient-rich environments prone to eutrophication. In some regions where agriculture is the primary source of economic income, rural non-point source pollution from fertilizers can account for 30-60 % of the pollutant in watercourses (Ongley 2004; Wang 2006a) . In addition to the problem of nutrient enrichment, such urban non-point source tends to have high COD, and it was reported that in some parts of China the COD values can exceed those from industrial pollution. Ongley et al. (2010) summarize the estimation of the contribution of non-point source load of nitrogen, phosphorus and COD to the total water pollution in various Chinese studies. The estimate ranges from 52 to 81 % for total nitrogen, 54 to 93 % for total phosphorus and 22-43 to 87-90 % for COD. A study by Wang et al. (2011) showed that 76.8 % of the dissolved total nitrogen and 86.4 % of the dissolved total phosphorus in the Yangtzi River Basin were from agricultural runoff. The most recent The rapid development of intensive farming and enterprises has also led to the increasing severity of non-point source pollution. Over the past 30 years, the primary source of water pollution has changed from point source pollution to a combination of point and non-point source pollution. Figure 2 gives the distribution of total phosphorus in China. It demonstrates that most lakes with phosphorus concentrations over 0.025 mg/l are distributed in the eastern area. This phenomenon is a result of urban expansion due to rapid economic development.
From freshwater to coastal water pollution
Water quality in coastal area has been significantly affected and has exacerbated the problem of water pollution. It is estimated that an area of 142,000-206,000 km 2 coastal waters was polluted from 2000 to 2004 across China with land-based pollutants accounting for 80 % (Wang 2006a, b) . Contaminants from rivers, such as COD and phosphate, posed a great threat to the marine ecological system in coastal waters. Bohai Bay is one of the most important enclosed coastal regions in China. A large amount of wastewater is discharged into the Bohai Bay each year owing to the Beijing-Tianjin area's effluent, storm runoff and polluted rivers. Liu et al. (2011) found that 73 % of the coastal water close to the sewage discharge outlet could not meet the demand of the function of seawater. In 2011, about 16.9 % of China's coastal waters were found to have water quality of worse than Grade IV, with the main pollutants of inorganic nitrogen and active phosphate (Ministry of Environmental Protection 2012). Areas of specific concern include the Bohai Sea, East China Sea, Jiaozhou Bay, Bohai Bay, Liaodong Bay, Hangzhou Bay, Minjiang River estuary, Yangtze River estuary and Pearl River estuary.
The ecological environment in the coastal waters is known to be very fragile. Most of the ecosystems in the bays, estuaries and wetlands have been destroyed and there have been frequent occurrences of toxic red tides. Results from 18 monitoring stations in 2009 for marine ecology on bays, estuaries and coastal wetlands ecosystems showed that 14 sections were either unhealthy or bordering healthy (Chinese Academy of Engineering, Ministry of Environmental Protection 2011). From surface water to groundwater pollution
One-third of China's total water resources and 20 % of the country's total water supplies are from groundwater. Its utilization rate in the northern and western cities is between 50 and 80 % (Zhu et al. 2004) . In relation to this, 16 provinces and more than 70 cities in China with significant groundwater table lowering have had different degrees of land subsidence, and the total area affected by such land subsidence reached 640,000 km 2 (Chinese Academy of Engineering, Ministry of Environmental Protection 2011).
In a recent national survey and assessment of water resources in China, the quality of Grade I and Grade II water was found to account for only 5 % of the entire two million square kilometers of shallow groundwater aquifers surveyed and evaluated (Zhang et al. 2012) . In 2011, 200 cities in China conducted monitoring of groundwater quality with a total of 4,727 monitoring sites. 55.0 % monitoring sites had poor to very poor water quality, as shown in Fig. 3 (Ministry of Environmental Protection 2012). The quality of water in deep groundwater aquifers is better than that of shallow groundwater aquifers. Similarly, the quality of groundwater in less exploited areas is better than that in highly exploited areas.
Human activity, in particular large-scale water resources development associated with dramatic population growth in the last 50 years, has led to tremendous changes in the groundwater regime (Hou et al. 2007) . Groundwater recharge has reduced by 50 % and groundwater abstraction exceeds recharge by 0.41 9 10 -9 m 3 year -1 . Consequently, the groundwater level has fallen widely by between 3 and 5 m, with a maximum fall of 35 m in several towns (Ma et al. 2005) . A study of groundwater deterioration in Nankou, Beijing shows that even 20 years after the removal of pollution source, the groundwater quality is still affected by the intensive discharge of high nitrate concentration wastewater (Sun et al. 2012) .
These hydrological changes have resulted in a serious degradation of the ecosystem. At over half of the 69 locations investigated, nitrate content in ground and drinking water exceeds 50 mg l -l , the allowable limit for drinking water. Critical situations were found in vegetableproducing areas, drinking water in the centers of small cities and towns and in farmers' yards, where nitrate contents in ground and drinking water can be as high as 300 NO 3 mg l -1 (Grade IV Water Quality Standard). The phenomenon of groundwater funnel would be aggravated by groundwater overexploitation. Adequate attention should be paid to a series of ecological and environmental problems caused by overexploitation and pollution of groundwater.
Impact on water function
Lakes and rivers are the main sources for drinking water in China. Due to the severity and extensiveness of water pollution, drinking water sources have been polluted not only by normal pollutants, but also by poisonous and harmful substances. Over 90 % of urban rivers are polluted, and 78 % of them may no longer serve as drinking water sources. Water within Grade I-III may be used as drinking water. However, the water in the eastern area has been severely polluted and the water quality standards of most of the lakes are within Grade IV-V, as shown in Fig. 4 .
Drinking water sources are polluted not only by conventional pollutants, but also by new types of toxic and hazardous pollutants. Traces of toxic and harmful pollutants have been detected in many urban drinking water sources, which pose a serious threat to the water environment and human health. Some cities do not meet the demand of drinking water quality standards. Among the 389 centralized drinking water sources monitored in 2011, 90.6 % met the water quality standard and 9.4 % failed to meet it (Ministry of Environmental Protection 2012).
There is a close linkage between morbidity and water pollution. According to Azizullah et al. (2011) 
Emerging new pollutants
With the increasing investment for wastewater pollution treatment, concentrations of regular pollutants, such as COD, BOD 5 , NH 3 -N, TN, and TP, have gradually been decreasing. A recent decline in the presence of coli bacillus has also been noted (Bao et al. 2012) . However, it is not these pollutants that are of concern to researchers, but pollutants such as persistent organic pollutants (POPs) and endocrine disrupters (EDS) which are increasingly found in sewage water, especially in urban wastewater treatment plants. Since there are only few advanced technologies for these pollutants in China, it has become a critical issue for water environment and ecological system management. To prevent further deterioration caused by emerging pollutants, it is necessary to enhance our understanding of the risk of these pollutants and strengthen China's current environmental risk assessment and management system. The proportion of drinking water supplies deemed safe is expected to decrease if organic chemicals are included in the water quality assessment criteria. POPs targeted by the Stockholm Convention are those suspected of causing cancer and teratismus hermpahroditicus or known to damage nervous system and endanger growth of normal infant and child (Hardell et al. 2003) . As a result, an objective assessment of the current state of water pollution by POPs in China is needed so as to provide baseline information for further regulatory efforts to include organic pollutants in the assessment of drinking water safety.
Economic losses and ecological risks caused by water pollution
Economic losses
Excessive modification of freshwater systems and unchecked abstraction have led to the degradation of aquatic systems, and the current water stress in China emphasizes the need for a demand-led water management strategy. There are many chemical plants, petrochemical processing plants, and paper mills located on riverbanks and some of them close to drinking water sources and populated areas. Most of the industries use old and outdated production methods and equipment, and are controlled and monitored with dated management systems. If such a system is allowed to continue, this could pose a potential risk for a water pollution event. Between 2001 and 2004, there were 3,988 emergent water pollution accidents, roughly 1,000 events each year. In 2005, 693 water pollution accidents occurred, making up to 50 % of the environmental pollution events in China (Chinese Academy of Engineering, Ministry of Environmental Protection 2011). The Songhuajiang River pollution incidents in 2005, the events that occurred in Bei River in Guangdong Province and Tuo River in Sichuan Province, and the algae bloom in Tai Lake serve as a reminder that it is necessary to pay more attention to ecosystem management and the water environment as a whole. In economic terms, losses from water pollution were calculated to be 286.2 billion yuan, which represents a loss of 1.71 % of China's 2004 GDP (Chinese Academy of Engineering, Ministry of Environmental Protection 2011).
Ecological risks
Besides economic losses, water pollution in rivers, lakes and marine areas can also lead to ecological destruction and a negative impact on aquatic biodiversity. A typical example is that of Quanzhou Bay, one of the largest bays in China, located in one of the most active and fast-growing regions in China. The environment of the coastal zone around Quanzhou Bay is seriously threatened by rapid urbanization accompanied by a large influx of enterprise and factories. Reclamation areas have reached 27.5 9 10 -6 km 2 , accounting for 38.9 % of the tidal flats of the Quanzhou Bay. The invasion of alien species Spartina alterniflora has resulted in ecological disaster, with the affected area reaching 2.7 9 10 -6 km 2 . The marine biodiversity in Quanzhou Bay is under severe threat (Chen et al. 2009 ).
Experiences from European countries
The EU differs from all other inter-governmental organizations in which it has institutions that can adopt legislation that is legally binding to member states without further review or ratification by national institutions.
Water framework directive
In 2000 the European Union adopted WFD, the purpose of which is to establish a framework for the protection of inland surface waters (rivers and lakes), transitional waters (estuaries), coastal waters and groundwater from long-term view (European Parliament and Council 2000) . The WFD emphasizes river basin management and states that the Environ Earth Sci (2014 ) 72:1243 -1254 1249 release of untreated water is prohibited throughout the EU to ensure ''good status'' for water ecosystems. EU water directives have led to considerable changes in national legislative statutes even in the countries with the most developed environmental regulation. The measures to achieve goals will be coordinated at the geographical/ administrative level of the river basin district. River basin agencies may be based on existing authorities, but should not be based on other than hydrological administrative barriers (Kallis and Butler 2001) . River basin districts should correspond to large catchment basins incorporating the smaller sub-basins. The most recent plan for sustainable development of the Rhine was agreed in light of the ecological and sustainability focus of the WFD and is embodied in the International Commission for the Protection of the Rhine (ICPR) ''Rhine 2020'' agreement. The evolution of the Rhine River Basin and its institutions is a very particular one. It speaks of the difficulties surrounding international cooperation as well as how successful cooperation can be arrived at and sustained. The European Community (now European Union) became a member of the ICPR in 1976. This reflects the fact that many basin states are members of the EU and hence any international agreement must also be in accordance with EU laws. Another important aspect of basin management on the Rhine is the role of public participation. The United Nations Economic Commission for Europe Convention on Access to Information, Public Participation in Decision-making and Access to Justice in Environmental Matters, adopted in Aarhus in 1998, links environmental rights and human rights.
The WFD represents the latest overarching EU legislation for the ICPR. The main targets of the WFD are to establish a framework to ensure all aquatic ecosystems and, with regard to their water needs, terrestrial ecosystems and wetlands meet 'good status' by 2015. Hence, the focus of the WFD is on ecosystem quality and integrated water resources management, rather than on standards for pollution emissions or the chemical quality of water. The WFD requires member states to establish river basin districts as planning units, and for each of these, a river basin management plan. With regard to international river basins, the member states have to coordinate among themselves the program of measures to be taken to reach the targets that have been set. This coordination may be by member states or existing River Basin commissions (i.e., the ICPR).
Water scarcity
It was estimated that at least 11 % of the population and 17 % of territory are affected by water scarcity to date with the cost of drought over 30 years at 100 billion EURO (European Commission 2007) . Various spatial and temporal distributions are potential factors causing water resource scarcity in Europe as well. A great variation exists in agricultural water demand between north and south. Irrigated areas are concentrated in Mediterranean areas with France, Greece, Italy, Portugal and Spain accounting for 75 % of the total irrigated land and commonly between 60 and 80 % used in irrigation (Wriedt et al. 2009 ). In contrast, agricultural abstractions in central and northern European countries are considerably less (e.g., Germany 0.5 %, Netherlands 0.8 %) and used mainly for temporary irrigation in dry summers.
Agricultural water use intensified during the original Common Agricultural Policy (CAP), whereby landowners received subsidies for growing water-intensive crops. Since the CAP reforms, water use has stabilized. European Environment Agency (2010) summarizes various approaches to enhance the efficient use of agricultural watermore efficient irrigation systems, changing crop types and avoiding water-intensive crops during the driest period of the year.
Controlling future use of water is a significant aim and is to be achieved through water pricing reforms, the encouragement of water-efficient devices and education programs. Water pricing reforms required by the WFD are aimed at changing water resource management from supply led to demand led. Since the industrial revolution, water supplies have increased through drilling new wells, constructing dams and reservoirs, investing in desalination and large-scale water transfer infrastructures; however, due to the increasing problems of water scarcity and drought, there is a need to invest in demand management that increases the efficiency of water use (European Environment Agency 2010). There are major differences between the water pricing systems in the member states. In the south European countries, for example, agriculture which is a major water consumer pays for its water at preferential rates (because of various subsidies). Recently, pricing has played an increasing part in the water policy in many member states. In the countries which joined the European Union in 2004, water pricing is also expected to expand, mainly owing to the major cost of alignment with the community patrimony.
Water pollution
European experience with effluent charges is widespread and comprehensive. In the 1960s, France imposed water charges on certain industrial polluters and the Federal Republic of Germany passed an Effluent Charge Law in 1976. These case studies provided definitive pollution taxation programs of their time and were emulated across Europe. The popularity of pollution taxes was partly practical, they could be administered easily within the existing framework for revenue collection, and partly political, pollution taxes are in line with the 'polluter pays principle' which is enshrined in EU law.
Pollution taxes and other charges can provide a valuable source of revenue to cover the costs of clean-ups, water treatment and monitoring. Indeed, in Europe pollution taxes have primarily been used as a revenue-raising instrument for this purpose, and yet because of their low level they have had a limited effect on abatement (Borja et al. 2007 ). For instance, it is estimated that French taxes are approximately one-half the level of measurable social damages. Similar results are found for Germany and the UK (Borja et al. 2007 ).
Groundwater recharge
The problem of groundwater pollution threatened European countries as well. Artificial groundwater recharge is an effective technique for the augmentation of groundwater resources (Ratan et al. 2011) . Artificial water recharge (managed aquifer recharge, MAR) whereby surface water is treated and injected into the ground to boost groundwater levels is a technique employed in Europe since the 1800s. Belgium, Cyprus, the Czech Republic, Denmark, Finland, Greece, the Netherlands, Poland and Spain produce drinking water from MAR. In some cases, dam water and treated wastewater are used to recharge aquifers. In coastal areas affected by water scarcity such as Cyprus, artificial recharge is used to control against the intrusion of seawater.
Common recharge techniques include riverbank filtration (Fryar et al. 2000; Bouwer 2002 ), aquifer storage and recovery, deep well injection (de Vries and Simmers 2002) and infiltration ponds (Sukhija et al. 1996) , all of which are methods commonly used in Germany. The GIS technique was applied to determine the areas most suitable for artificial groundwater recharge in coastal aquifers in European countries (Ghayoumian et al. 2007 ). Reclaimed effluents were used for recharging in Spain as well. For this recharge to work safely, there need to be effective percolation through the soil and an adequate treatment of the effluent. Also, the structure and properties of the vadose zone must be understood in detail. The technique of electrical imaging was applied in Spain as one of the easiest and cost-effective techniques for producing a large amount of information on aquifer geometry and subsoil properties.
Desalination
Desalination is a possibility for areas of water shortage. Technologies such as multi-stage flash (MSF) and multiple effect distillation (MED), membrane reverse osmosis (RO) and hybrid (MSF/MED-RO) may be used in the desalination of seawater. Seawater reverse osmosis (SWRO) is also widely regarded as an effective technology for areas with water scarcity and is commonly used at industrial scale in coastal areas around the world. Europe is a leading player in desalination with Spain as the fourth largest user of desalination technology. Spain is home to 700 desalination plants, producing 16 million m 3 of water, serving eight million people (Karagiannis and Petros 2007). Other Mediterranean member states are also increasingly relying on the technology including Cyprus, Greece, Italy, Malta and Portugal.
Membrane-based processes and thermal desalination plants are two commonly used techniques in European countries (Skiborowski et al. 2012) . However, since desalination is energy intensive, there have been many technological advances and innovations to improve the process energy consumption in reverse osmosis desalination process, while minimizing the harmful effects of scaling and fouling on membranes and to obtain higher water flux membranes (Peñate and García-Rodríguez 2012) . Another potential for desalination is the nuclear option which is considered to be low carbon and low energy (Ma et al. 2005) . The Western research community has accumulated more than 200 years of reactor experience worldwide.
Other technologies
Water quality in Europe has improved greatly in recent years due to strict legislation governing sewage treatment and technology advancement, such as the use of nanoscale membranes and separation technologies, wastewater purification and advanced sludge treatment. Moreover, advanced water quality monitoring and prediction systems employing the latest advances in information and communication technology (ICT) have enhanced the effectiveness in wastewater treatment greatly. Water quality online monitoring systems, which are widely used in European countries, provide timely information to operation managers, which in turn enable effective modifications to the treatment system.
Due to the issue of water scarcity in Europe, much attention has been paid to wastewater reuse, rain water utilization, water recycling and efficient use of technology to reduce water consumption.
One of Europe's research priorities is to assess and forecast changes in biodiversity and understand the dynamics of ecosystems, particularly marine ecosystems. The latest developments in this area include technology to estimate long-term changes in resource amounts to manage important fisheries resources. Environ Earth Sci (2014 ) 72:1243 -1254 1251
Protection of water environments in China
Currently, China is approaching a crossroad and key stage of water environment pollution prevention and control. The pressure created by the growing demand to ensure continual socio-economic development as well as the need for water environment protection and control is increasing dramatically. China's environmental problems and the success (or failure) of pollution control can have global implications. Water pollution has been increasing with the rate of urbanization and industrialization. Any severe curb or restriction of industrialization based on environmental pollution considerations without concerning the impact of industrial output is unlikely to succeed. Based on the experience of Europe, it is possible to protect the surface and groundwaters while allowing industrial growth. Although a lot of effort has been taken to keep its wastewater discharge standards in pace with the water pollution development and technological advances, many challenges remain. A summary of the past achievements and lessons learned as well as the current problems in water pollution should provide a basis for future improvements in China and a reference for other countries.
To limit the extent of water scarcity and water pollution, many efforts, for instance of South-North Water Transfer Project, volumetric water pricing and waste water reuse have been undertaken for many years in China, while the low tariffs and uniform water price have discouraged investment in inefficient and water-intensive technologies for conventional water-intensive industries and other factors such as choice of sites for new water-intensive industries have also contributed to costly water shortages in many cities.
Water scarcity
Water pricing is one of the most important means by which scarce water can be allocated between competing users, thereby limiting the impact of environmental constraints on economic activity. Moreover, it is not only a powerful means of allocating water between users in the short term, but also has an effect on resource use and planning over time. In agriculture, pricing of water can induce technological change in irrigation techniques as well as a movement toward less water-intensive, often higher-yielding crops (Moore et al. 1994) . At the macro scale, pricing of water to reflect local resource costs can affect the location of particular industries. Indeed, some have argued that the geographically uniform price adopted by China during the 1980s has contributed to the concentration of water-intensive industries in the arid north (Karagiannis and Petros 2007) .
In Cyprus, for example, the welfare loss of moving to a uniform tariff represented just 3 % of income for the poorest group (Chaudhry 2003) . While in Beijing the introduction of the four-family tariff system has been estimated to provide a subsidy of around 2.7 % to the poorest quintile (Mezher et al. 2011) . Despite these and further problems (difficulty in implementation and revenue instability), increasing block tariffs (IBTs) often emerge as an acceptable solution to the political economy issues surrounding water pricing reforms.
The volumetric water prices currently employed in China should be augmented to reflect, at a minimum, the full financial cost of water supply. Naturally, this will lead to some concerns about the distributive impacts and options should be considered to deal with the impact on the poor. It should be borne in mind that IBTs have been used for this purpose in many countries, but it has been shown in some studies, including for Beijing, that the cross subsidy that IBTs afford is quite limited. Other policies exist to this end, including alternative tariff structures. Overall, full cost pricing strategies have been shown to ensure that limited water supplies are used efficiently, mainly by improving incentives for water saving over time. Furthermore, the strategy can provide adequate finance for reliable service provision. Full resource cost pricing could be the ultimate goal.
Water market
To solve point source pollution, pollution charges from industries have been used in most of the areas in China. However, their implementation differs from the theoretical paradigm. Firstly, the charges levied in China are sufficiently low that a reduction of pollution emissions cannot be attributed to the charges themselves. Secondly, the charges are only levied on pollution which is over and above the agreed standard. Therefore, Chinese pollution charges act as a type of fine per unit. Lastly, it is well known that the policy is not always well administered: taxes are not always collected, pollution levels are not enforced, etc. (Karagiannis and Petros 2007) . Nevertheless, the long history of pollution taxes suggests an area in which reform could be easily embarked upon.
Reflecting the polluter pays principle, pollution charges should be applied to all pollution, not just emissions in excess of standards. The impact of this could be: (1) a larger incentive effect over time, as low performing firms exit the market; (2) changes in local government revenues. Charges should approximate as closely as possible the marginal damage of discharges. The nominal value of the charges should be revised frequently to reflect inflation as well as changes in real resource scarcity, i.e., the value of environmental damage.
In recent years, China has undertaken a number of intercity, inter-sectoral and intra-sectoral water trades. In 2000, the City of Yiwu in Zhejiang Province paid 200 million yuan to the City of Dongyang to secure 50 million m 3 of drinking water per annum. In 2006, the Beijing water authority paid 20 million yuan to the neighboring Province of Hebei and purchased water from both Hebei and Shanxi provinces. More recently, Tongliang County Water Authority in Chongqing, southwest China, sold water rights to the industry. The prospect for enabling wider intra-basin, inter-and intra-sectoral water trades, such as in the waterintensive agricultural sector, should be considered (Chinese Academy of Engineering, Ministry of Environmental Protection 2011). This will most likely require a redefinition of water rights.
Risk assessment
At present, water environmental pollution in China is quite complex, which has a prominent superposition of various pollutants, a growing impact of new types of toxic and hazardous pollutants like POPs and EDS, and new contaminants that keep emerging. Human health and the safety of drinking water are severely threatened. There is little consciousness of the risks and no systems have been established for ecological safety assessment and risk management. So far, we have no clear idea about the roots and origins of those hazardous pollutants and therefore there is not yet very strict control of it. The monitoring means is not good enough. Study of toxic organic pollutants will be one of the most urgent issues and key subjects for the next phase of environmental protection. The urgent task at present is to carry out basic research to find out the basic and essential information of the pollutants, which will provide technical support for the regular monitoring of toxic pollutants and pollution control.
The current risk assessment system for water environment safety has been transformed from single-element assessment focus to multi-elemental, multi-approach and multidisciplinary assessment. The experience of water pollution prevention and control abroad is quite rich, especially in the EU member states, where the risk assessment technology of water environment safety is well developed with complete assessment systems thereof, owing to rapid economic development and significant periods of environmental pollution treatment. The knowledge and use of this pre-existing experience will greatly enhance China's water environment risk assessment, improve the identification and diagnosis thereof and contribute to China's full understanding of the types and causes of water environment pollution. In so doing, corresponding measures may be taken for integrated treatment and control.
Conclusion
China has been facing increasingly severe water environmental problems since the 1990s. China's water scarcity is characterized by both insufficient quantities of water as well as deteriorating water quality. The characteristics of water pollution in China include: increase in magnitude, frequency and extensiveness of pollution incidents, the emergence of new toxic pollutants and ecological destruction. This paper provides an overview about the severity and causes of China's water pollution problem and draws link to the management and technological experiences from EU, including WFD, water price system, and desalination and groundwater recharge technologies. From the analysis of water environmental problems and management system in two regions, the authors conclude that water price, water market and water tax should be introduced to China for water environmental regulations. Moreover, it is necessary to establish a reliable risk assessment system of water quality to protect human health and ecological well-being.
